Commercial as-hp (hot pressing) and canning HIP (Hot Isostatic Pressing) treated Cr-Si targets are used throughout this study which with two different compositions: Cr35-Si65 and Cr50-Si50. To evaluate the effects of as-hp and canning treated Cr-Si targets by HIP process, SEM, XRD, microstructure and porosity inspections were performed. The experimental results show that the Canning HIP Cr35-Si65 targets had reduced the porosity about 40% compared with the as-hp ones, and the Cr50-Si50's even decreased about 65% after HIP treatment. Both nitrogen and oxygen concentrations of the targets were also reduced after Canning HIP treatment. This was especially true for the single silicon in Cr-Si targets such as Cr35-Si65.
Introduction
Most targets could be made by casting, because the metals have low melting points and good toughness. However, some activated or brittle elements such as chromium and silicon are not suitable for casting, because they are easily oxidized and cracked during the process. To make the Cr-Si targets in powder metallurgy; it is better to produce them by hot pressing. Hot pressing (HP) is putting the powder in a die and applying force with vertical (or horizontal) pressure heads. The heaters around the die would be turned on in a vacuum or with atmosphere. [1] [2] [3] [4] These products made by hot pressing would still be porous or coarse, and the size is limited. For finer and larger targets, we can apply advanced method, like hot isostatic pressing or canning-HIP treatment.
Hot Isostatic Pressing (HIP) is the application of high pressure equally on all sides of an object. HIP is a material pressing technique in which high isostatic pressure is applied to a powder part or compact at elevated temperature to produce particle bonding. This process usually results in the manufacture of a fully dense body. During this process, the compact is subjected to equal pressure from every side. [5] [6] [7] HIP is used for dense high performance ceramics, to remove porosity from castings, the consolidation of PM materials and surface coatings, diffusion bonding and improvement of weld integrity. [8] [9] [10] [11] [12] In this study, the HIP equipment was from a Flow Autoclave Pressure System, Inc. The HIP equipment provided an Uniform Rapid Cooling (URC) system and a quick heating which result in very short cycle time and high productivity. 8) The powder is canned in capsules of mild steel, which are produced by sheet metal forming and welding. The capsule is designed to give the fully dense of end product the desired shape. Compound products can be produced by designing capsules with separate compartments for different powders or enclosing parts of solid material together with the powder.
9)
The canning characteristics as well as the HIP conditions for processing (temperature, pressure and time) have been evaluated and modified in relation to the quartz or metal encapsulation method. 10) HIP has been used in the past to compact powders by canning them in a suitable container. It has also been used to close internal porosity and defects formed during casting. During HIP process, powder material is enclosed in an evacuated thin wall container and is heated to high temperatures of the order of 0.8 of the melting point in a pressure vessel, when the canning material becomes soft and collapsed compacting the powder inside. While the pressure is not extremely critical once, it is above some minimum. The temperatures and should be high enough exceeding the softening temperature of the canning materials as well as the softening temperature of the powder material. 11) In earlier studied, we had reported the HIP treatment could eliminate the open and close pores of targets. The most suitable HIP parameters of target were 1373 K, 175 MPa and 4 hours. 13) In this study, the aim of this paper is continuous to discuss the effects of canning-HIP treatment on Cr35-Si65 and Cr50-Si50 targets. We would follow the parameters as: 1373 K (temperature), 175 MPa (pressure) and 4 hours (soaking time) to run the HIP process. Here are two different kinds of compositions that we use in this paper: Cr35-Si65 (Cr-65 mass%Si) and Cr50-Si50 (Cr-50 mass%Si). To evaluate the effects of microstructure and properties on the hp and canning Cr-Si target by HIP treatment, SEM, XRD, microstructure, porosity and impurity concentration inspections were performed.
Experimental Procedures
Both chromium and silicon are easily oxidized, and powder metallurgy is usually used to make targets out of such materials, especially in hot pressing. To achieve better quality targets, we should use some advanced methods, such as canning HIP. HIP treatment involves the application of high pressures and temperatures through the medium of some inert and pressurized gas like argon or nitrogen, to remove internal pores and voids, thus increasing density and upgrading properties. HIP consolidates powders of metals, ceramics, or carbides into fully dense, complex parts with net or near net shapes. [13] [14] [15] [16] One conventional method for canning a specimen for HIP is to lay up the powder (specimen) in a stainless steel can that is (electron beam) welding closed in a vacuum. This can with the vacuum sealed inside is then ready for HIP treatment. 16) The main disadvantage to this process is that the vacuum in the can is sealed in at room temperature and subsequent heating in the HIP operation can cause out-gassing in the canned specimen. In this study, the HIP pressing and heating were applied concurrently. The final temperatures were 1373 K, the final pressure was 175 MPa, and the soaking times were 4 hours.
The commercial as-hp treated Cr-Si targets were used throughout this studied, they were made by a 1273 K, 50 MPa and 3 hours. Due to the hp-treated Cr-Si targets is not obviously dense during HIP process. While the argon gas will penetrate into the internal target, making internal and external pressures to achieve balance and result in not densification of target. [17] [18] [19] Therefore, we utilize target powder into the empty cans in a vacuum and enclosing further heat-pressure. In this way, HIP treatment will more effectively carry out the role of the can. Moreover, Cr-Si powders were vacuuming and sealed in the cans, the body will not react with outside atmosphere. Figure 1 shows the appearance of Cr35-Si65 and Cr50-Si50 targets after canning HIP treatment. Cr35-Si65 target presents the very uniform of shrink as shown Fig. 1(a) . Meanwhile, Cr50-Si50 showed the contraction was about imbalances in the state. Normally, the can is sealed in at room temperature and subsequent heating in the HIP operation can cause out-gassing in the canned specimen. These results in poor densification, and in certain specimens this residual gas will react with the specimen degrading the materials properties. However, both a considerable degree of contraction, the gas-tight of can was proved quite good. There was no leakage caused by the failure of the tight situation in this study.
Results and Discussion
Because of Cr-Si targets were provided with brittle and high hardness after canning HIP treatment, we must utilize the Wire Electronic Discharge Machining (WEDM) to get the target specimens. Figure 2 shows the Cr35-Si65 canning target after WEDM treatment. Figure 2(a) presents the can not only in the direction of a uniform level of contraction. The contraction in the vertical direction is also quite uniform, which have proved HIP for the canning role. Figures 2(b) , (c) and (d) show the cutting down of Cr35-Si65 target which measuring about 2 inches in diameter, it can be applied generally small sputtering plant. Due to the direction of contraction for Cr50-Si50 can is not uniform, we diverted to the vertical direction cut for sampling as shown in Fig. 3 . Sampling of the canning target must be to use joint that can approach to the useful size of demand. From the Fig. 3(b) , which we found that the relatively brittle is increased after canning HIP treatment, it can be easily separate of can and target. It obviously shows that increase the amount of chromium will result in the difficult in canning-HIP treatment.
The porosity test followed the ASTM C373 standard. During hot isostatic pressing (HIP) plastic flow, power law creep, grain boundary sliding in the particles and bulk diffusion in the particle contacts may contribute to the densification.
2) Figure 4 shows the porosities of HP, HP-HIP and canning-HIP treatment for Cr35-Si65 and Cr50-Si50 targets. The vacuum of the canned can is about 10 À6 Torr; it is lower than the vessel about 10 À3 Torr before filling with argon. As densification occurs, the powder compact shrinks. The external metal envelope shrinks with it to the same extent in all directions, because the pressure is isostatic. Therefore, the densifying powder is formed into the same shape as the envelope. Because the Cr and Si powders were in the can, they did not react with the argon filled in the vessel directly; and there was much less residual gas in the can that we could more effectively eliminate the defects and porosities.
The driving force for sintering is the reduction in the surface area associated with pores. The surface area of fine powders is considerable. 20) Moreover, the combination of pressure and temperature can be used to achieve a particular density at lower temperature than would be required for sintering alone. The effect of the lower temperature is that unacceptable grain growth can be avoided. However, the high external pressure collapses gas-filled pores and gives full density. From the Fig. 4 , we found that both of Cr35-Si65 or Cr50-Si50, the porosity of canning-HIP treatment was obviously decreased than hp and hp-HIP treatments. For the Cr35-Si65 target, it becomes 60% of the hp one's porosity, and it becomes 35% of the hp's for Cr50-Si50 target. It has been demonstrated that HIP can successfully used to make high density, particularly the temperature and the selection of suitable canning materials. While the canning HIP treated target provide the more dense that the target can be used the scope and reliability upgrading. Figure 5 shows the nitrogen concentrations of HP, HP-HIP and canning-HIP treatment for Cr35-Si65 and Cr50-Si50 targets, and Fig. 6 shows the oxygen concentrations. The impurities of target will not be increased by high temperature and high pressure during HIP process. Of course, they can't make the purity of decline for target. K. Ishizaki reported that the oxygen concentration would remain almost constant with the increasing HIPing temperature. 21) Moreover, due to the heaters and crucibles were made by graphite. According to the Ellingham Diagram, 22, 23) carbon oxides can exist at any equilibrium oxygen partial pressure with different ratio of CO/CO 2 . If there is enough carbon in the experimental atmosphere, the partial pressure of oxygen is governed by carbon. 22, 24, 25) Graphite heater, this kind of carbon would not (a) (b) release almost any gases, but they would govern the oxygen partial pressure to oxidize Cr or Si. Therefore, it would cause the oxygen concentration increased. However, the nitrogen and oxygen concentrations of hp-HIP and canning HIP treatment for Cr50-Si50 were higher than Cr35-Si65 target.
Owing to the Cr-Si powders are preserved and manufactured in the air, chromium activity is more high than the silicide element, that make it easier to generate nitrides and oxides attached to the powder particles (powders), and these compounds are difficult removal during the HIP process. If we start from the powder manufacturing control, the Cr-Si target will be able to make the purity of more outstanding. Figure 7 represents the XRD patterns of as-hp treated and HIP canning treated at Cr35-Si65 and Cr50-Si50 targets. According to the Cr-Si phase diagram, 13, 19) the phases of Cr35-Si65 (Cr-65 mass%Si) are CrSi 2 and Si, and the composition of Cr50-Si50 (Cr-50 mass%Si) forms two compounds: CrSi and CrSi 2 . All of the patterns show the same result as the phase diagram. In this study, HIP after hot pressing improves the target density physically. Both of CrSi and CrSi 2 are stable after they became silicides from Cr and Si powder after hot pressing. It also proves that the powder inside the sealed can was well mixed. There is no Cr phase detected with XRD, because CrSi and CrSi 2 would be formed completely before the densifying stage during HIP. It shows that HIP would improve the density and porosity, but not change the composition and crystal structure to influence the thin film deposited by the Cr-Si target. Figure 8 shows the SEI and BEI Images of Cr35-Si65 target after canning-HIP treatment. Comparison with vacuum sintering and hp-HIP treatment, it presents the more uniform distribution and microstructure. The consolidation of Cr-Si powders and diffusion bonding was carried out in canning-HIP process. By using the canning-HIP techniques, the quality of the bond may be improved by optimization of the pre-bonding procedures. 26) M. A. Ashworth et al. also suggests that the quality of the diffusion bond is improved when the residual atmosphere within the can is excluded from the bond-line by closely mating surfaces. Therefore in this study, the Cr-Si powders consolidation were nearly related with the canning-HIP diffusing bonding. In these images, the white area is CrSi 2 and gray area is Si, as shown in Fig. 8(b) . The compound of CrSi 2 was uniform distribution in the matrix. There are obvious porosities exist in the hp and hp-HIP treatment on Cr-Si target, but not find in the canning-HIP treatment. It proves the canning HIP process can produce an extremely dense target.
The same situation also occurred in Cr50-Si50 target. Figure 9 shows the SEI and BEI images of Cr50-Si50 target after canning-HIP treatment. Figure 9(b) shows the compounds of CrSi and CrSi 2 existed in the Cr50-Si50 target after canning-HIP treatment. They would more efficiently reduce the porosity and improve the microstructure through canning-HIP treatment. Dense and uniform distribution of the canning-HIP targets that allowing the target sputtering to become the thin film. Moreover, the quality and reliability on both a big step forward. The production of Cr-Si target, as long as the sampling on the caution, canning-HIP process is the more appropriate manner.
Conclusions
(1) Owing to the high pressure and heat during HIP process, the powder(s) of canning-HIP treatment that will thereby making a strong contraction of can. The porosity of Cr35-Si65 target after canning-HIP is about 60% of the HP one's, and the Cr50-Si50's is about 35% of the HP one's. (2) Vacuum canning makes HIP atmosphere (gas) would not enter the sealed can, making the concentration of impurities are not enhances due to high heat and pressure after target forming. Argon gas will not be directly with the powder during HIP process, so Cr35-Si65 target not adsorption gas that can effectively reduce the porosity. 
